Coupling beams are well known as essential structural element in aseismic design. This paper reports experimental studies to investigate the structural performance of reinforced concrete coupling beams using cold-formed steel channel sections for alternative detail. To investigate the structural performance of coupling beams, experiments were conducted for three coupling beams. The first specimen was made in accordance with the code of ACI-318(11). The other specimens were made with alternative detail using cold-formed steel channel sections. The test results show that the maximum strengths and dissipated energy of coupling beam made in accordance with the code of ACI-318 were higher than those of other specimens made with alternative detail using cold-formed steel channel sections. In addition, the maximum strengths were higher when spacing of stirrup in coupling beam were closer.
Introduction
The recent Ulsan earthquake (2016) in the Korea peninsula awakened people to the dangers of earthquake. The earthquakes came concerns that the Korea is no longer safety zone from the earthquake events. Therefore, the importance of seismic design is being emphasized. Coupled wall system with reinforced concrete (RC) coupling beam component containing diagonal oriented reinforcement is one of the lateral load resisting systems for tall buildings [1] . Therefore, coupling beams have been studied by many researchers. Zhao and Kwan. (2003) evaluated the nonlinear behavior of deep reinforced concrete coupling beams [2] . Canbolat et al. (2005) conducted experimental studies of high-performance fiber-reinforced cement composite coupling beams [3] . Park and Yun. (2006) conducted research work to determine bearing strength of steel coupling beam-reinforced concrete [4] . However, the construction of RC coupling beam need to satisfy the detailing requirements for diagonally RC coupling beams with corresponding to ACI 318-11 Building Code [5] . Such details requirements involve facing difficult works for construction. In this study, experimental study was conducted to investigate structural performance of RC coupling beam using cold-formed steel channel sections for alterative detail to solve the problems of detailing requirements for diagonally RC coupling beams. [6, 7] . Figure 2(a) shows the compressive stress of concrete used for each of the three specimens and Figure 2(b) shows the tensile stress of steel reinforcement and cold-formed steel channel used for each of three specimens. The compressive strength of concrete was 34MPa at 28days and yield strengths of D5 steel, D10 steel and cold-formed steel channel was 285 MPa, 500 MPa and 264 MPa respectively. In addition, Tensile strengths of D5 steel, D10 steel and coldformed steel channel was 363 MPa, 576 MPa and 361 MPa respectively. Figure 3 shows the test setup of coupling beam. The test specimens were loaded by hydraulic actuator with a capacity of 1,000 kN. The actuator is able to apply forces onto the top steel frame in both positive and negative directions. The Instrumentation was provided to measure the displacement, load, and strain at critical locations. Loading histories of the specimens was operated to loading step and follow same displacement step with gradually increasing amplitude. 
Experimental Programs

Strain
The data acquisition system is composed of 20 to 36 internal controls and recording channels. It is possible to obtain data, such as the displacement, load and strain at critical locations. Figure 4 shows the testing procedure including loadcontrolled and displacement-controlled cycles. 
Experimental Results
The maximum strengths of test specimens listed in Table 2 . As listed in Table  2 , the peak loads of specimen CB1 were measured at 348.70kN in the positive loading direction and 307.48kN in the negative loading direction. In particular, maximum strengths of specimen CB1 were higher than those of other specimens in both positive loading and negative loading direction. The peak loads of specimen CB2 were measured at 288.05Kn in the positive loading direction and 291.33kN in the negative loading direction. Maximum strengths of specimen CB2 were second highest of all the specimens in both positive loading and negative loading direction. The peak loads of specimen CB3 were measured at 281.19kN in the positive loading direction and 267.2kN in the negative loading direction. Maximum strengths of specimen CB3 were lower than those of other specimens in positive loading and negative loading direction. In addition, the average maximum strengths of specimens CB1, CB2 and CB3 were 328.09kN, 289.69kN and 274.20kN respectively. It shows that coupling beam made in accordance with the code of ACI-318 had higher maximum strengths than made with alternative detail using channel. This is because the bond area of coupling beam using channel is smaller than coupling beam using bundled bars so there is more slipping at interface with concrete and steel. Moreover, according to the test results of CB2 and CB3, the maximum strengths got higher when spacing of stirrup in coupling beams got closer. This is because the more stirrups could control the cracks of concrete occurred by lateral loads. First of all, the hysteresis loops of specimen CB1 were stable and the rate of strength degradation beyond the maximum load was slow comparing with those of other specimens and test was finished at 5.5% rotation angle. Secondly, hysteresis loops of specimen CB2 were variable before the maximum load and the rate of strength degradation beyond the maximum load was fast comparing with the specimen CB1 and test was finished at 5.5% rotation angle. Lastly, the hysteresis loops of specimen CB3 were also variable before the maximum load and the rate of strength degradation beyond the maximum load was fast comparing with the specimen CB1 and test was finished at 4.5% rotation angle. Generally, the hysteresis loops of specimen CB1 were more stable than those of specimens CB2 and CB3. This is because the bond area of coupling beam using channel is smaller than coupling beam using bundled bars so there is more slipping at interface with concrete and steel. Figure 6 shows the dissipated energy of specimens CB1, CB2 and CB3. At a cycle 1 (0.5% rotational angle), values of cumulative dissipated energy for specimens CB1, CB2 and CB3 were 2.23 kNⅹm, 1.94 kNⅹm and 2.06 kNⅹm, respectively. At a cycle 12 (5.0% rotational angle), values of cumulative dissipated energy for specimens CB1, CB2 and CB3 were 162.06 kNⅹm, 119.75 kNⅹm and 120.87 kNⅹm, respectively. In particular, dissipated energy of specimens CB2 and CB3 show similar tendency. In addition, there is a wide gap between CB1 and either CB2 or CB3. 
Conclusion
Based on the experimental results, first of all, the average maximum strengths of test specimens CB1, CB2 and CB3 were 328.09kN, 289.69kN and 274.20N respectively. In addition, the average maximum strength of CB1 specimen is 1.13 and 1.20 times higher than those of specimens CB2 and CB3 respectively. secondly, the hysteresis loops of specimen CB1 were more stable and the rate of strength degradation beyond the maximum load was slower than those of specimens CB2 and CB3. Lastly, dissipated energy of specimen CB1 was higher than those of other specimens. In particular, dissipated energy of specimens CB2 and CB3 show similar tendency
